has reviewed both the clinical and experimental evidence of " cortico-autonomic" interrelations. At that time she suggested that the frontal poles were autonomic centres distinct from the motor cortex but was able to adduce little evidence as to their exact role. Since Kennard's review Reitman (1945) and several subsequent authors have reported transient changes in autonomic regulatory functions following prefrontal leucotomy. Apart from the observations of Fairman and his co-workers (Fairman, Livingston, and Poppen, 1950) , we are not aware of any previous studies to investigate whether unilateral autonomic changes can be demonstrated following unilateral leucotomy. In the present paper we report a series of such studies in which bilateral recordings of skin temperature and skin resistance have been made before and after unilateral operations on the frontal lobes. Differences in skin temperature between the two upper limbs were sought, both in the resting condition and after heating and cooling. Measurements of palmar skin resistance, an established method of studying sudomotor activity (McCleary, 1950) , were made in the resting state, and the fall in skin resistance (psycho-galvanic response) following various stimuli recorded. Unilateral leucotomy was not in favour for long and our observations are confined to four cases. Methods In the absence of a constant temperature room, recordings were made at the temperature prevailing in the laboratory. The subjects sat lightly clad with their arms supported comfortably at heart level. They were shielded from draughts and throughout the examination period their arms were equally exposed. The temperature changes following heating and cooling were measured in the wards with the patients lying flat and shielded from draughts.
Temperature changes were measured with thermocouples and except for those following heating and cooling the readings were obtained from the pulp of the thumbs. Observations of resting skin temperature and skin resistance were made at the beginning and end of each test session, and those reported here were the final values recorded and were made after exposure to the laboratory temperature for at least half an hour.
Skin resistance was measured with an apparatus essentially the same as that described by Grant (1946) , a graphic record of galvanometric changes being recorded on moving photographic paper. To obtain simultaneous responses the apparatus was duplicated. In order to ensure that any disparity between responses recorded from the two sides was not an artefact resulting from differences in the recording apparatus the analysis has been confined to observations which were controlled by alternating the two recording systems in a balanced manner with respect to the two hands. Various methods of stimulation were tried with the first two patients studied. We report here results which can be grouped either as responses to shocks or as responses to psychological stimuli. The psychological stimuli included intellectual tasks, impertinent questions, and warning light signals regularly preceding electrical shocks. The other two patients were examined by an identical procedure on each occasion except for the first recording with subject E. S. This procedure was adapted from one we have used to study pain perception before and after standard leucotomy. In the present investigation it consisted of a series of shocks, increasing regularly in strength, which were applied to the fifth fingers of each hand in balanced blocks, i.e., in the series . (Fisher, 1946 Fig. 2 shows for two subjects the changes in skin temperature which occurred on the two hands when the trunk was heated and subsequently allowed to cool. Fig. 2a is drawn from recordings made with subject E. R. 26 days after a left unilateral leucotomy. It will be seen that the original resting levels in the cold state were identical, that both hands started to warm up at the same time, that the temperature increased at the same rate, and that there was no appreciable difference between the hands when the maximum dilatation was obtained.
During the subsequent period of cooling the left thumb showed a slight delay, but the temperature difference is never greater than 1.50 C. Netsky and Starr (1948) state that temperature differences between two normal hands under resting conditions may reach 20 F. In the pre-operative control recording made with this patient the difference between the two hands was as great as 20 F. on at least one occasion. Fig. 2b significantly exceeded the size of those on the right. When the patient was followed up and examined four months post-operatively the change was still apparent, although not enough observations were made to establish its significance. This patient was examined repeatedly both before and after operation. On three occasions pre-operatively it was shown that her responses on the right were between 20% and 30% smaller than those on the left. Following a right-sided prefrontal leucotomy this discrepancy was group.bmj.com on April 13, 2017 -Published by http://jnnp.bmj.com/ Downloaded from markedly exaggerated, the responses on the right being reduced to less than half the corresponding responses on the left. This phase of relative reduction of the responses on the right decreased and, when re-examined 15 months after operation, the responses on the right were bigger than those on the left. Though not in itself significant, the difference between the two sides is in the opposite direction from that found immediately post-operatively and is significantly different from it and from all the preoperative observations. Subject L. B.-Left-sided pain; right-sided prefrontal leucotomy.
Examined 10 days after the operation this patient showed a marked reduction of the responses on the left or contralateral side. This temporary change was accompanied by a corresponding difference between the two limbs in the resting level of the skin resistance. At the beginning of the test session the skin resistance was 167 x 103ohms on the right and 112 x 103ohms on the left. Over an hour later, with the right and left limbs equally exposed in a draught-free atmosphere, the figures were 163 and 92 respectively. This marked difference in skin resistance was reflected by a reduced effect of the shock on the right. As explained above, this would be likely to cause an apparent reduction of the responses on the right side. In fact, the responses to the shocks are bigger on the right, although much less so than is the case with responses to psychological stimuli. These responses would, of course, be unaffected by the differences in effective shock strength.
To summarize the results obtained with these four patients: one, H. W., showed no consistent effect. One, E. R., showed a persistent relative decrease in the contralateral limb (R). A similar but transient decrease in the contralateral limb (L) was seen in subject L. B. Subject E. S., however, who received the most detailed study, showed a relative increase in the contralateral limb (L). This persisted for at least a month post-operatively and was then gradually replaced by a relative over-activity of the ipsilateral side.
It is worth noting that each of the four subjects showed on at least one occasion pre-operatively a significant difference between the responses on the two sides. These differences are greater than would be expected from our own unpublished observations of bilateral responses in normal subjects. In each case where there is a significant difference between the responses these are smaller on the side of the body afflicted by pain. Korr (1949) has shown that areas of low skin resistance occur in areas segmentally related to painful lesions. Our figures do not show constant differences in resting skin resistance, but only one patient, L. B., had pain which was segmentally related to the recording electrodes (C.6-C.8). In this case the lesion was thought to be central. Discussion Reitman (1945) and many other workers have demonstrated changes in autonomic functions following bilateral prefrontal leucotomy. Taking advantage of this operation Livingston and his co-workers (Livingston, Chapman, Livingston, and Kraintz, 1948) have shown that electrical stimulation of the orbital surface of the frontal lobes may cause marked changes in the blood pressure and in respiration. Unfortunately they were not able to look for different vasomotor responses on the two sides of the body. In a subsequent publication, moreover, Chapman, Livingston, and Livingston (1949) stated that their results might have been due to spread of the excitatory current to the temporal lobe. The majority of earlier experimental work on cortical autonomic control, most of which has been reviewed by Kennard (1944) , has indicated that focal changes in vasomotor tone or sudomotor activity are associated with either stimulation of or damage to the sensorimotor cortex. Netsky and Starr (1948) have more recently discussed the literature and reported their own careful observations on 50 cases of focal head injury. They showed that removal of the post-central gyrus for traumatic epilepsy was followed by an increase in sweating on the contralateral side. Of the 50 cases, 22 showed differences between the two sides either in sweating or skin temperature. The lesions in almost all these cases were confined to the region of the sensorimotor cortex. Netsky and Starr conclude that their study indicates that the post-central gyrus is the posterior limit of the area with direct cortical representation of autonomic functions. The anterior limit beyond the pre-central gyrus is, they state, not known. However, nine of these authors' cases had damage which was limited to the frontal lobes. Of these nine cases six showed no lateral differences in autonomic function. One with bilateral damage and with a history of left hemiparesis showed increased sweating on the right and decreased skin temperature on the right. Another case with cortical damage in the inferior part of the left frontal lobe showed a contralateral increase in sweating, but in this patient too there was evidence of involvement of motor areas in that he had had an aphasia. The remaining patient showed decreased sweating on the contralateral side. There was no evidence of any motor or sensory deficit, though it is noted that the trauma involved the anterior longitudinal sinus. Thus of seven patients with lesions wholly anterior to the primary motor cortex only one showed a unilateral disturbance of resting autonomic function. These findings of Netsky and Starr confirm those of Lund (1944) 
Summary
Autonomic reflexes have been studied in four patients before and after unilateral leucotomy. The results provided no evidence of the presence of prefrontal cortical autonomic centres for the focal control of vascular or sweating responses. However, changes in responsiveness, different in sign in different subjects, support the suggestion that the frontal lobes exert both inhibitory and excitatory influence on centres which do have focal autonomic functions. Earlier experimental work and clinical observations suggest that such cortical autonomic control is centred around the sensorimotor areas.
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